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1. 

ENCOOING AND DECODING SELECTIVELY 
RETRIEVABLE REPRESENTATIONS OF 

VIDEO CONTENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of and claims priority to 
U.S. Utility patent application Ser. No. 10/779,335, entitled 
SYSTEM AND METHOD FOR ENCODING AND 
DECODING SELECTIVELY RETRIEVABLE REPRE 
SENTATIONS OF VIDEO CONTENT (filed Feb.12, 2004), 
which claims priority to U.S. Provisional Patent Application 
Ser. No. 60/465,595, entitled REAL-TIME HIGH-DEFINI 
TION VIDEO EDITING THROUGH SELECTIVE DATA 
RETRIEVAL FROM A COMPRESSED REPRESENTA 
TION (filed Apr. 25, 2003). This application is also related to 
co-pending U.S. patent application Ser. No. 10/183,090 
entitled METHOD AND APPARATUS FOR REAL-TIME 
EDITING OF PLURAL CONTENT STREAMS (Filed Jun. 
26, 2002). The content of each of these applications is hereby 
incorporated by reference herein in its entirety for all pur 
poses. 

FIELD 

The present invention relates to the manipulation of video 
content. More particularly, the present invention relates to 
encoding video content to produce compressed video content 
better Suited for processing (e.g., video editing) and/or pre 
sentation of high-resolution video archives. 

BACKGROUND 

Standard definition (SD) television delivers a full picture to 
the screen approximately 30 times per second. The North 
American standard for SD video (NTSC) requires that that 
each video frame be made up of 720 by 480 pixels. Because 
each pixel is commonly defined by 2 bytes (other sizes can be 
used), standard definition TV requires a Sustained data rate of 
approximately 20 megabytes per second (MBps) (i.e., 720x 
480x30x2 bytes/s). In today’s computing and disk systems, 
20 MBps is only a moderate data rate, achievable without 
Substantial expense or design restriction. 
The current standards for high-definition (HD) video con 

template video data rates that are up to six times higher than 
that of standard definition television. As used herein, high 
definition or HD refers to any video format that increases the 
data rate beyond that of standard definition video including 
applications for digital film (motion picture) production, 
which currently use resolutions up to 4,096 by 2.731 pixels at 
24 frames per second. One such high-definition video stan 
dard (often referred to as 1080i) contains frames of 1920 by 
1080 pixels at 30 frames per second. Other HD formats (e.g., 
720p) increase frame rates to 60 frames per second at a 
resolution of 1280 by 720 pixels. Both the common 720p and 
1080i HD video formats require sustained data rates over 100 
MBps. At a sustained rate of 100 MBps, standard computing 
Solutions are no longer adequate. The common expansion bus 
within desktop PCs (32bit PCI) can only sustain a maximum 
of around 80 MBps. Individual hard drives can only sustain 
about 30 MBps. Editing of video requires simultaneous pro 
cessing of multiple 100 MBps streams that can overwhelm 
the fastest workstation CPUs. Due to these combined limita 
tions, real-time HD editing is limited to the most expensive 
and custom systems on the market. As video resolutions 
increase, the demands on the system architecture increase. 
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2 
To simplify the problems presented by video production, 

many solutions exist today to reduce the Volume of data that 
needs to be processed. The limitations of drive and bus speeds 
have been commonly solved through video compression. 
Compression allows for a large reduction in data rate while 
maintaining the visual quality of the original source material. 
Compression is commonplace in SD video production, yet in 
HD video production, compression is not typically used in 
today’s editing systems for a variety of reasons. For example, 
cost-effective production-quality hardware-based compres 
sion that allows an editor to compress and decompress video 
without visual quality loss does not currently exist. Although 
hardware compression exists for use in distribution systems 
(e.g., satellite or terrestrial HD broadcasts), these tools do not 
meet production quality or architectural requirements. In 
addition the CPU load for software-based compression using 
existing technology is very high. Although software decom 
pression can be used for single-stream HD playback, it taxes 
the CPU, which may already be overloaded by processing 
Video mixes and effects. For example, playback of a single 
Stream of HD MPEG2 will consume 70-80% of the resources 
of today's fastest CPUs. As a consequence, multi-stream HD 
decoding and mixing is beyond the capabilities of the stan 
dard PC. Further, software encoding (i.e., compression) is 
typically much more CPU-intensive than decoding (i.e., 
decompression); therefore expensive hardware is required for 
encoding during video acquisition. 
As a consequence of the difficulties associated with video 

compression discussed above, commercial HD-based pro 
duction systems typically use uncompressed video. This 
mandates that the common PC be replaced with a worksta 
tion-class machine equipped with for example, a 64-bit PCI 
bus and a RAID (Redundant Array of Inexpensive Disks) hard 
drive solution so that the required data rate can be Sustained. 
These setups are expensive, and without compression, large 
quantities of disk storage are required for any long-form 
production. 

Video editing typically involves a process that combines 
two or more video streams into a single video stream through 
application of one or more video processing filters (e.g., 
transitions that individually combine one or more video 
streams into a single video stream). Each of the video streams 
may be modified individually by one or more video process 
ing filter effects. Any of the available effects can be applied to 
any portion or the entire video stream before and/or after a 
transition. 

Mixing operations include a dissolve technique that gen 
erates fading from one moving video image into another, or a 
transitional wipe that displays two or more video images 
simultaneously on one output. Effects are filters that process 
a stream in order to change the stream's characteristic in some 
way. Some types of effect filters include color correction 
effects, which change any combination of image characteris 
tics Such as brightness, contrast, Saturation and color tint, or a 
distortion filter that may blur or sharpen or enhance the mov 
ing image in any way. 
When mixing multiple streams of video or adding special 

effects, most operations require access to the uncompressed 
image. Because there are no known alternatives to using 
uncompressed content when implementing edits, many edit 
ing applications simply do not offer a real-time preview (i.e., 
before edits are actually carried out) of editing results. 
Instead, to view the results of effect or transition editing in 
motion, the video must first be rendered. Rendering is the 
process of pre-computing video mixes over time (however 
long the processing takes), and placing the results back on 
disk. Video rendering performs the same mixing and effect 
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operations as required by real-time playback; however, the 
results can no longer be viewed live. As a consequence, the 
rendering process requires that the resulting video composite 
must be completely written to disk before it can be viewed at 
normal playback speeds. In a rendered-only editing environ 
ment, the user/editor must wait before being able to view the 
"edit,” then decide whether it needs to be changed. If it does 
need to be changed, then more rendering is required; thus, 
editing in a rendered-only editing environment can be very 
time consuming. 
Some video editing applications alternatively scale an 

image down to a lower resolution during capture. In this 
Scaling-upon-capture approach, lower resolution video pre 
views can be seen in real-time, enabling the editor to quickly 
preview most editing actions. The drawback of scaling upon 
capture in this manner, however, is that the video must be 
recaptured at full resolution before the edits are actually 
implemented and the final-quality production can be com 
pleted. This approach to video production has been around for 
decades, and it is commonly called “off-line' editing. 

Another approach offered attempts to overcome both the 
limitations of the rendering-only and Scaling-upon-capture 
approaches by processing full-resolution HD data then resiZ 
ing the output to SD for mixing and real-time presentation. 
Although this approach is intended to make use of existing 
real-time SD equipment to assist in HD editing, the HD-to 
SD resizing introduces an additional processing stage after 
decompression, making this approach unsuitable for Soft 
ware-only solutions. As a hardware solution, this approach is 
very costly given that it requires either expensive compres 
sion chips or a system architecture with enough bandwidth 
(e.g., hundreds of MBps) and with enough disk capacity to 
store very large uncompressed HD video files. 
To reduce CPU load, some video compression technolo 

gies have limited abilities to decode to a lower resolution. 
Common compression standards such as MPEG, JPEG, and 
DV, however, must fetch all data for a frame even when 
decoding to lower resolutions. Although modifications to the 
decoding procedure allow some reduction in CPU usage, the 
results do not offer both good image quality and reduced CPU 
load. 

In the context of video editing, high performance of the 
decoding operation is important because the user/editor needs 
to view most editing operations at normal speed playback. 
Once the CPU load exceeds the system capability, however, 
the playback of the video will stutter or stall, preventing audio 
synchronization or Smooth motion. Other qualities of the 
moving image are also important to the user/editor, Such as 
Subtleties of color shading and image definition that are used 
for Scene selection as well as image correction. Any compro 
mise that trades performance for artifacts, like those seen in 
quarter resolution DV decoding, will not be desired by the 
user/editor. 

Conventionally, video previews are rendered by processing 
only the frames possible with the CPU and bandwidth 
resources available. In Such conventional systems the pre 
views typically Stutter (non-Smooth motion), and although 
they are not considered real-time, these systems do preserve 
audio synchronization by computing and presenting some 
frames at their correct display time. For example, if the cur 
rent level of processing takes twice as long as it would in a 
real-time system, a frame will be skipped so that the next 
frame is displayed at the correct time. In this situation, play 
back will occur at half the normal frame rate. Stutter is obvi 
ous as the interim frames are not presented to the display; 
these missing frames contain motion information now miss 
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4 
ing from the final output. This form of preview introduces 
temporal artifacting, another undesirable characteristic in 
Video production. 

Referring to FIG. 1, shown is a screen capture of a typical 
desktop editing environment. Shown is a bin of source mate 
rial 100 containing many video sequences, titles, graphics 
and audio; a timeline of edit decisions 102 where the editor 
places and reorders source material (mixing them with tran 
sitions and effects) a control panel 104 for manipulating the 
parameters for effects and transitions; and one or two preview 
windows 106 in which the source and edited output material 
can be viewed. The size of the video window 106 is dependent 
on the available screen space, not the resolution of the Source 
image because video is scaled to fit comfortably in the com 
puter's display hardware. This window area is typically the 
same size for HD as it is for SD video production (although 
the aspect ratio commonly is different: 16:9 vs. 4:3). The 
resolution of most of today’s high-definition frames will not 
fit within the window of this editing environment, however, so 
the image is typically scaled down by the display device as 
part of today’s editing process. 

SUMMARY 

In one embodiment the invention may be characterized as 
a method for processing a video stream, the method including 
the steps of converting at least one frame of said video stream 
into a plurality of data components, wherein said at least one 
frame is characterized by an original resolution and each of 
said plurality data components is representative of a portion 
of said at least one frame; and storing each of said plurality 
data components so as to generate a plurality of stored data 
components, wherein each of said plurality of stored data 
components is combinable with at least one other of said 
plurality of stored data components to produce a resultant 
frame of lower resolution than said original resolution. 

In another embodiment the invention may be characterized 
as a video frame storage structure disposed to store informa 
tion useable to produce video frames of different resolutions, 
the structure including a lowest resolution data component 
capable of producing a low-resolution video frame; and a 
plurality of high frequency data components. The lowest 
resolution data component and one of said high frequency 
data components are combinable to produce a higher resolu 
tion frame than said low resolution frame. 

In yet another embodiment, the invention may be charac 
terized as a processor readable medium including instructions 
encoded thereon for processing a video stream, the instruc 
tions including converting at least one frame of said video 
stream into a plurality of data components, wherein said at 
least one frame is characterized by an original resolution and 
each of said plurality data components is representative of a 
portion of said at least one frame; and storing each of said 
plurality data components so as to generate a plurality of 
stored data components, wherein each of said plurality of 
stored data components is combinable with at least one other 
of said plurality of stored data components to produce a 
resultant frame of lower resolution than said original resolu 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a screen capture showing the layout of a typical 
Video editing environment running on a desktop computer, 

FIG.2 provides an overview of the computing environment 
in which an encoding and decoding system of the present 
invention may be implemented; 
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FIG. 3 is a block diagram illustrating the principal compo 
nents of a processing unit of the inventive system configured 
to encode a video stream for Subsequent selective multi 
resolution decoding in accordance with the present invention; 

FIG. 4 illustratively represents the filtering of a video frame 
using Sub-band coding techniques in order to produce high 
frequency Sub-band information and low frequency Sub-band 
information; 

FIG. 5 depicts the manner in which a pair of sub-band 
image information sets derived from a source image can be 
vertically filtered in the same way to produce four additional 
Sub-band information sets. 

FIG. 6 illustratively depicts away in which increased com 
pression may be achieved by further Sub-band processing a 
low-pass Sub-band image information set; 

FIG. 7 depicts two adjacent frames of a group of pictures: 
FIG. 8 illustratively depicts a way in which the two adja 

cent video frames of FIG. 7 are wavelet compressed into a 
Sum frame containing motion blur and a high-frequency dif 
ference frame; 

FIGS. 9A-9C shows illustratively how compressed video 
data is stored to enable selective data retrieval for display at 
various resolutions and frame rates; 

FIG. 10 is a flow chart illustratively depicting steps carried 
out when encoding a video stream according to an exemplary 
embodiment of the present invention; 

FIG.11 is a data flow diagram illustratively depicting away 
in which four adjacent video streams are temporarily com 
pressed into a sum frame containing motion blur and a high 
frequency difference frame; 

FIG. 12 is a data flow diagram illustratively depicting away 
in which red, green and blue data components are converted 
into Y. U and V data components before encoding according 
to one embodiment; 

FIGS. 13 A-13D illustratively shows how compressed 
color video data components are stored to enable selective 
data retrieval for display at various resolutions and frame 
rates; and 

FIG. 14 is a flow chart illustrating steps carried out during 
selective decoding according to an exemplary embodiment. 

DETAILED DESCRIPTION OF EMBODIMENTS 

FIG. 2 is a block diagram illustrative of a video processing 
system 100 configured to encode and decode video content in 
accordance with the invention. In the embodiment of FIG. 2, 
a source video stream 108 (e.g., sequences of frames of digital 
images and audio) is received at a processing unit 112, which 
is configured to encode the source video stream 108 so as to 
generate a collection of selectively decodable data compo 
nents 118. The source video stream may originate from a 
variety of Sources including a video camera 110 and a data 
storage unit 114, and may be compressed upon capture or 
stored first. As one of ordinary skill in the art will appreciate, 
the source video stream 108 may be conveyed by a variety of 
means including IEEE-1394 compliant cabling, PCI bus, 
HD/SDI communications link, any 802.11 standard, etc. Also 
shown is a compressed data storage unit 116 configured to 
store the collection of data components 118 that are produced 
from the source video stream 108, and a network 120 (e.g., the 
Internet) disposed to carry a video stream comprised of one or 
more of the data components 118 to remote locations. 

In operation, the processing unit 112 receives the Source 
Video stream 108, which may be in a compressed (e.g., 
MPEG) or uncompressed form. If the source video stream 
108 is compressed, it is decompressed to an uncompressed 
form. The uncompressed video stream is then compressed 
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6 
into a form that allows for selected decompression to achieve 
multiple resolutions and frame rates of video output. 

In the exemplary embodiment, the processing device 112 
encodes the source video stream 108 into a collection of N 
data components 118 that can be efficiently decoded into a 
Video stream at the original resolution and/or one or more 
video streams at lower resolution with reductions in resolu 
tions horizontally, Vertically, temporally or combination of 
the resolution reductions, without increasing the data size of 
the compressed representation. 
As shown, the collection of N data components 118 

includes a lower resolution component 122 and other data 
components 124, 126, 128. As described herein, a video 
stream with the same resolution as the Source video stream 
may be assembled by using all the data components 122,124. 
126, 128 or lower resolution video streams may be generated 
using different combinations of the data components 122, 
124, 126, 128. For example, the lower resolution data com 
ponent 122 may be used alone to provide a thumbnail image 
of the content of the video stream 108, and the lower resolu 
tion data component 122 along with a second data component 
124 may be decoded for previewing video edits. If a higher 
resolution is desired, the lower resolution data component 
122 along with the second and third data components 124. 
126 may be decoded. 

Beneficially, the encoding process is adaptable so as to 
allow the number N of data components 118 and the content 
of each of the data components 122, 124, 126, 128 to vary 
depending upon several factors. For example, the encoding 
may be dependant upon the type of the source video stream 
108 (e.g., the resolution and/or framerate), the video process 
ing work load, video data capacity, the processing to be car 
ried out after the source video stream 108 is encoded (e.g., 
editing and/or viewing) and hardware constraints (e.g., pro 
cessor speed and/or the size of a user's display). 
The ability to assemble one or more lower resolution rep 

resentations of the source video stream 108 has several advan 
tages. For example, Software-based real-time high-definition 
Video production may be carried out on common desktop 
computers without compromising either the image quality or 
the editing process. In addition, decoding is often faster than 
prior art (e.g., MPEG) video streams because one or more 
lower resolution representations of the source video stream 
108 are available without having to decode the entire collec 
tion of data components 118. Moreover, a variety of resolu 
tions (e.g., the lower resolution component 122 or a combi 
nation of data components) are available for transmission 
over bandwidth-limited channels (e.g., the network 120), 
while maintaining the ability to reassemble the source video 
stream 108 at its original resolution from the lower resolution 
component 122 and other data components 124, 126, 128. 

In the context of video editing, the encoding and decoding 
process of the exemplary embodiment allows high-definition 
video content to be edited in real time without off-lining (i.e., 
full resolution video is captured). This on-line approach 
allows all the image data to be available to the user/editor, 
without recapturing, which is required by off-line Solutions. 
In addition, multiple streams of video can be mixed without 
the editor having to wait for a time-consuming rendering 
process. 

Real-time video editing performance is achieved by com 
puting video mixes and effects on a reduced-resolution rep 
resentation of the video (e.g., by decoding fewer than all of 
the data components 118) to provide a fast preview. By reduc 
ing the number of pixels per frame, the processing load is 
equally reduced. Unlike existing Solutions that discard data 
during capture, or CPU intensive approaches that process the 
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full image then scale to a smaller image, the encoding process 
of the exemplary embodiment generates data components 
118 that are selectively decodable so that only the data com 
ponents necessary to generate a resolution are decoded and 
processed without a Substantial amount of data being lost. As 
a consequence, processing load is reduced throughout the 
System because each processing stage (e.g., decoding, tran 
sitions, effects and display) can be done at a resolution other 
than the original captured resolution. The decompression, the 
mixing and effects, and the final presentation all occur with 
out the use of a resizing component, which reduces CPU load. 
If the full-resolution data is desired (e.g., by a video editor 
during editing), the data is available to reconstruct a full 
resolution image by decoding all of the data components 118. 

To greatly reduce the processing load and achieve Source 
resolution independence, the architecture of the compression 
engine used to compress the Source data stream 108 and the 
form of the resulting compressed data structure after com 
pression are very significant. The prior art compression tech 
nologies Suffer from image artifacts or only provide a mod 
erate reduction in CPU load when the output resolution is 
reduced due to the structure of their compressed data. By 
structuring the compressed data components 118 to enable 
direct retrieval at a reduced image resolution as part of the 
decompression stage, significant system resources (CPU 
cycles and disk bandwidth) can be saved, and depending upon 
the number of data components 118 decoded, the lower reso 
lution image, under typically viewing conditions, has percep 
tively the same image quality and color definition as a full 
resolution decoded image. 
A video editing system typically will experience a variable 

processing load as a function of the number of clips mixed 
together and the number of video filters applied. For example, 
when a video stream is dissolving (i.e., fading) into another 
Video sequence, the system’s processing load at least doubles 
because there are two streams being decoded and mixed. 
Today’s editing systems may play a single HD video stream 
Smoothly, but the processing that is required for a simple mix 
forces the playback to Stutter, and the editing system must 
drop video frames to preserve audio synchronization. 
An editing system using a variable resolution decoding 

technique as described herein provides many options to Solve 
this problem. The simplest solution is to select a decoding 
resolution that has “light enough decoding requirements so 
that the timeline plays back without Stuttering. This technique 
works well with high definition video because even a reduced 
resolution version of the original source stream (e.g., a pre 
view resolution) may exceed the display area available to the 
user/editor. In accordance with an exemplary embodiment, 
the resolution that is decoded for a preview is dynamically 
adjusted based upon the system load. As the system load 
increases, the decoding load is reduced accordingly by reduc 
ing the preview resolution. 

FIG. 3 is a block diagram illustrating the principal compo 
nents of the processing unit 112 of FIG. 2 as configured in 
accordance with an exemplary implementation of the present 
invention. In the exemplary implementation, the processing 
unit 112 comprises a standard personal computer disposed to 
execute video editing Software created in accordance with the 
principles of the present invention. Although the processing 
unit 112 is depicted in a “stand-alone' arrangement in FIG. 2, 
in alternate implementations the processing unit 112 may 
function as a video coder/decoder (CODEC) incorporated 
into a video recorder or video camera or part of a non-com 
puter device such as a media player like DVD or laserdisc 
player. 
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As shown in FIG. 3, the processing unit 112 includes a 

central processing unit (“CPU”) 202 adapted to execute a 
multi-tasking operating system 230 stored within system 
memory 204. The CPU 202 may comprise any of a variety of 
microprocessor or micro-controllers known to those skilled 
in the art, such as a Pentium-class microprocessor. As is 
described further below, the memory 204 stores copies of a 
Video editing program 232 and a video playback engine 236 
executed by the CPU 202, and also includes working RAM 
234. 
The CPU 202 communicates with a plurality of peripheral 

equipment, including video input 216. Additional peripheral 
equipment may include a display 206, manual input device 
208, microphone 210, and data input port 214. Display 206 
may be a visual display such as a cathode ray tube (CRT) 
monitor, a liquid crystal display (LCD) screen, touch-sensi 
tive screen, or other monitors as are known in the art for 
visually displaying images and text to a user. Manual input 
device 208 may be a conventional keyboard, keypad, mouse, 
trackball, or other input device as is known in the art for the 
manual input of data. Microphone 210 may be any suitable 
microphone as is known in the art for providing audio signals 
to CPU 202. In addition, a speaker 218 may be attached for 
reproducing audio signals from CPU 202. It is understood 
that microphone 210 and speaker 218 may include appropri 
ate digital-to-analog and analog-to-digital conversion cir 
cuitry as appropriate. 

Data input port 214 may be any data portas is known in the 
art for interfacing with an external accessory using a data 
protocol such as RS-232, USB, or IEEE-1394. Video input 
216 may be a video capture card or may be any interface as 
known in the art that receives video input such as a camera, 
media player such as DVD or D-VHS, or a port to receive 
video/audio information. In addition, video input 216 may 
consist of a video camera attached to data input port 214. 

In the exemplary implementation, a CODEC 238 is imple 
mented within a video editing program 232 and is configured 
to encode a source video stream (e.g., the Source video stream 
108) into discrete data components (e.g., the collection of 
data components 118) that are stored (e.g., in data storage 
device 116 and/or disk storage 240) for later retrieval. The 
CODEC 238 of the video editing program 232 is also capable 
of decoding one or more of the stored data components and 
converting them into a video stream of lower resolution than 
the source video. A user/editor may then preview the effect of 
edits on the lower resolution video stream using the video 
editing program 232. In one embodiment, the video editing 
program 238 is realized by adapting readily available video 
editing software to incorporate the inventive CODEC 238. In 
one embodiment, the video editing program 238 is realized by 
implementing the CODEC 238 within the framework of the 
Adobe R. Premiere R video editing software. 
A source video stream (e.g., the source video stream 108) 

may be retrieved from the disk storage 240 or may be initially 
received via the video input 216 and/or the data input port 
214. The source video stream may be uncompressed video 
data or may be compressed according to any known compres 
sion format (e.g., MPEG or JPEG). 

Disk storage 240 may be a conventional read/write 
memory Such as a magnetic disk drive, floppy disk drive, 
compact-disk read-only-memory (CD-ROM) drive, digital 
video disk (DVD) read or write drive, transistor-based 
memory or other computer-readable memory device as is 
known in the art for storing and retrieving data. The disk 
storage 240 may consist of the data storage unit 116 described 
with reference to FIG. 1 or may be realized by one or more 
additional data storage devices. For example, disk storage 
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240 may be a distributed collection of data storage devices, 
and the stored data components (e.g., the data components 
122, 124, 126, 128) may be stored among the storage devices 
to facilitate faster access to the data. As a further example, 
lower resolution components 122 may be stored on one stor 
age medium while data components with data for higher 
resolution representations may be stored on one or more other 
disks to reduce the amount of seek time to find the data that is 
used most often. Additionally, the disk storage 240 may be 
remotely located from CPU 202 and connected thereto via a 
network (not shown) such as a local area network (LAN), a 
wide area network (WAN), or the Internet. 

The capture process that enables video to be manipulated 
in a compressed form is dependent on the Source of the video 
material. Video from HD video cameras or HD tape decks are 
either delivered in a compressed or uncompressed form. On a 
fast computing system, uncompressed data can be encoded in 
real-time, and only the compressed result will be stored to 
disk 240, which provides a substantial reduction in the size 
and expense of the disk system used relative to a disk system 
required to store the uncompressed data. 

For a compressed video source, this data will need to be 
decoded before it is recompressed in accordance with the 
inventive encoding process described herein. A very fast sys 
tem will be able to perform this operation in real-time, but due 
to the increased load of decoding the compressed format, 
many otherwise Suitable editing systems will not have the 
CPU resources to perform a full-resolution decode and a 
full-resolution encode at the video frame rate. To enable a 
wider range of computers (e.g., including slower computers) 
to capture, edit and output video content, a disk spooling 
technique may be used to distribute the CPU load required for 
decoding and encoding over a longer time. 

In an exemplary disk spooling embodiment, compressed 
Video from the source (e.g., video camera 240 or data storage 
114) is received via the video input or data input port 214 at 
normal speed. This compressed data stream is spooled (buff 
ered) onto the disk 240, where it can be fetched as soon as the 
CPU 202 is free to convert more frames. The writing and 
reading of the disk 240 can happen simultaneously, so it is not 
necessary for the capture to complete before the conversion 
can start. Compressed frames read from the disk 240 are then 
decompressed and recompressed by the CODEC 238 before 
the result is stored back to disk 240. It should be recognized 
that the disk system used for spooling can be a different disk 
than the disk 240 storing the final result. 
Overview of Wavelet-Based Encoding for Selective Decod 
1ng 

In the exemplary embodiment, the CODEC 238 operates 
according to a symmetric wavelet-based encoding methodol 
ogy, which incorporates spatial, and in Some instances, tem 
poral compression techniques to generate data components 
that are stored for Subsequent selective decoding. Specific 
aspects of this methodology are further described in co-pend 
ing U.S. patent application Ser. No. 10/183,090 entitled 
“Method And Apparatus For Real-Time Editing Of Plural 
Content Streams, filed on Jun. 26, 2002, which is incorpo 
rated herein by reference. 
The nature of this compression technology is that it 

encodes the original image data as Smaller and Smaller rep 
resentations of the image, which is a property common to 
wavelet image compression. In this compression technique, 
each Smaller image is a filtered average of the higher resolu 
tion stage above, making each stage ideal for representing a 
lower resolution video without the artifacts of other compres 
sion systems. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
To achieve spatial compression, the inventive CODEC 238 

employs Sub-band coding techniques in which the Subject 
image is compressed though a series of horizontal and vertical 
filters. Each filterproduces a high frequency (high-pass) com 
ponent and a low frequency (low-pass) component. As shown 
in the exemplary illustrative representation of FIG. 4, an 
original video frame 402 of 1920x1080 pixels may be filtered 
using Sub-band coding techniques to produce high frequency 
sub-band information 406 of 960x1080 pixels and low fre 
quency sub-band information 404 of the same size. Wavelet 
filters typically down-sample the filtered result by half so the 
low-pass and high-pass Sub-bands are half as wide. The high 
frequency sub-band information 406 is representative of 
edges and other discontinuities in the image while the low 
frequency sub-band information 404 is representative of an 
average of the pixels comprising the image. This filter can be 
as simple as the Sum (low pass) and difference (high pass) of 
the 2-point HAAR transform characterized as follows: 

For every pixel pair:X, and X. 

one low-pass output: L =X+X, 

and one high-pass output:H,-X-X, 
In the exemplary embodiment all multiplication and divi 

sion computations required by the transform are capable of 
being carried out using shift operations. The above transform 
may be reversed, or decoded, as follows: 

As is known, the HAAR transform is one type of wavelet 
based transform. The low-pass or "averaging operation in 
the above 2-point HAAR removes the high frequencies inher 
ent in the image data. Since details (e.g., sharp changes in the 
data) correspond to high frequencies, the averaging proce 
dure tends to smooth the data. Similarly, the differencing 
operation in the above 2-point HAAR corresponds to high 
pass filtering. It removes low frequencies and responds to 
details of an image since details correspond to high frequen 
cies. It also responds to noise in an image, since noise usually 
is located in the high frequencies. 

Continuing with the above example, the two 960x1080 
sub-band image information sets 404, 406 derived from the 
1920x1080 source image 402 can then be HAAR filtered in 
the vertical dimension to produce an additional low-pass Sub 
band image 502 of 960x540 pixels and three high-pass sub 
band image information sets 504,506,508 as depicted in FIG. 
5. Each Such Sub-band image information set corresponds to 
the transform coefficients of a particular high-pass or low 
pass Sub-band. In order to effect compression of each high 
pass sub-band 504, 506, 508 its transform coefficients are 
(optionally quantized), run-length encoded and entropy (i.e., 
statistical or variable-length) encoded. In this regard the 
blank areas in the high-pass Sub-band image information sets 
are comprised largely of “Zeros”, and are therefore very com 
pressible. 
As shown in FIG. 6, increased compression may be 

achieved by further sub-band processing the low-pass sub 
band image information set 502 of FIG.5 to generate another 
low-pass image component 602 and high-pass image compo 
nents 604. 606, 608. Compression of low-pass image infor 
mation may be performed again and again as described with 
reference to FIGS. 4 through 6 to generate lower and lower 
resolution low-pass image components and additional high 
pass image components. Typically, however, three to four 
iterations of the above-described compression typically pro 
vides Sufficient compression for most applications. It should 
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be noted that it is also possible to apply further wavelet 
transforms to high pass data before entropy encoding. This 
allows some high-pass Sub-bands that may have image addi 
tional image redundancy, such as the motion difference Sub 
band, to be compressed more without quality loss. 

To improve the extent of compression beyond that possible 
using the “2.2' wavelet transforms illustrated above, longer 
filters such as those based upon “2.6” and the “5.3” wavelet 
transforms may also be employed. Both of the these wavelet 
transforms also exhibit the characteristics of HAAR wavelets 
in only requiring shifts and adds in order to perform the 
desired transform, and thus may be computed quickly and 
efficiently. The nomenclature arises as a result of the fact that 
a 2.6' wavelet transform is predicated upon 2 low-pass filter 
elements and 6 high-pass filter elements. Such a 2.6 wavelet 
transform capable of being implemented within the symmet 
ric CODEC may be characterized as follows: 

For every pixel pair:X 2 through X, 

one low-pass output: L =X,+X, 

and one high-pass output:H=(-X, -X, +8-X-8- 

The above 2.6 transform may be reversed, or decoded, as 
follows: 

i i-1 

Li)+8)-H)+2 
Use of a longer wavelet results in the use of more of the 

pixels adjacent an image area of interest in computation of the 
sum and difference (low and high-pass) sub-bands of the 
transform. 

In several embodiments, the wavelets that are selected 
share the characteristic of being mathematically reversible. A 
mathematically reversible transform can perfectly recon 
struct the input data from the transformed data without error. 
For video compression, transform reversibility means it is 
possible for an encode operation to be completely reversed at 
the decoding stage to exactly reproduce the original input. 
Compression of this type is commonly referred as “lossless” 
compression. Applications for lossless video compression 
occur in the fields of high-end television and film production, 
and for digital media archiving. There are many applications 
for video compression, however, that do not require full 
reversibility, and the increased amount of compression pro 
vided by these “lossy' compression techniques is often 
desired (e.g., for distribution or storage needs). Some 
examples of known lossy compression techniques include 
MPEG, DV and JPEG. 
By selecting reversible transforms, the same encoding 

structure can be used for either lossy or lossless compression 
as needed. For compression to be truly “lossless not only 
must the transform be reversible, but also no other data can be 
discarded during the encoding process. In accordance with 
one embodiment of the present invention, to achieve lossless 
compression, no quantization is applied to the transformed 
data, but this is certainly not the only way to achieve lossless 
encoding. 

To achieve greater compression, a lossless CODEC design 
can quantize the output coefficients before entropy encoding, 
which results in a lossy result. Careful selection of quantiza 
tion can typically reduce the data rate 2 to 3 times without any 
visible artifacts, which is often termed “visually lossless.” 
while it is still mathematically lossy. 

Advantageously, the wavelet encoding process of some 
embodiments described further herein allow the user to select 
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12 
whether video is compressed in a visually lossless or a truly 
mathematically lossless manner. Various techniques for loss 
less decoding are described further herein with reference to 
FIG. 10, and in these embodiments, additional data compo 
nents are added to the compressed representation to preserve 
any data that may be lost during compression (e.g., due to 
rounding or overflow). As a consequence, a user is able, at 
their option, to decode these rounding/overflow data compo 
nents when the user needs full precision or to bypass them 
when a visually lossless representation is Sufficient. In other 
words, it is possible for a user to preview (decode) in a 
visually lossless manner from data stored during a math 
ematically lossless encoding process. 

In particular, for a video stream encoded according to 
lossless techniques, the decoding can be to a lower spatial or 
temporal resolution than that of the original, to the full reso 
lution with some loss that is not perceivable, or to the original 
resolution without any loss. Each one of these decodable 
modes offers enhanced flexibility to the end user; however, 
the greater number of data components used to reconstruct 
the image increases the system load. 
An application where decoding to full resolution (but not 

mathematically lossless) is beneficial is the presentation 
(playback) of a film or television production onto a large 
screen. In such an application, the full resolution will be 
appreciated, but the subtly of mathematical precision will not 
be noticed by the audience, and the saved system load reduces 
the cost of the presentation equipment. 

In the context of video editing, an application where math 
ematically lossless precision is demanded is during produc 
tion workflow where multiple generations of encoding and 
decoding stages are required to complete a film or television 
production. These stages may include image enhancement, 
special effects manipulation, color correction and titling 
where each stage may be performed on the output of the 
previous stage, commonly on a different system. If Small 
losses were added at each stage, the final result may contain 
visible compression artifacts. By having no loss between 
stages, no compression artifacts are added. Advantageously, 
while lossless decoding and encoding is used for the final 
“mix-down” at each stage in the production workflow, within 
each stage all the different preview modes (i.e., lower reso 
lution data components) are available to enhance productiv 
ity. 

In addition to spatial compression, the CODEC 238 of the 
exemplary embodiment is also capable of temporally com 
pressing a source image. As discussed further herein, tempo 
rally compressing a source image is advantageous in certain 
situations (e.g., when the Source video stream has a high 
frame rate) to achieve an even greater reduction in CPU 
requirements during a preview of the video content. 

In prior systems, CPU load reduction is achieved by skip 
ping frames then only processing every second or third (or 
fourth, etc.) frame of a video sequence. The prior systems that 
do not use temporal compression simply bypass the interim 
frames, and hence, produce a stuttering sequence. Although 
there are prior systems that utilize temporal compression to 
reduce the number of frames, they are significantly different 
from the techniques disclosed further herein, and typically do 
not provide a smooth motion presentation. 

In an original sequence that contains an object in motion, 
the object travels according to the following sequence: 

Frame 1 
Frame 2 

Time 1 
Time 2 

object moving between points A and B 
object moving between points B and C 
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-continued 

Time 3 Frame 3 object moving between points C and D 
Time 4 Frame 4 object moving between points D and E 

As the sequence set forth below indicates, dropping 
Frames 2 and 4 and repeating Frames and 3 (a common 
technique) results in the appearance of stuttering-type motion 
because the motion between B and C and D and E is missing. 

Time 1 Frame 1 object moving between points A and B 
Time 2 Frame 1 object moving between points A and B -- 

missing motion 
Time 3 Frame 3 object moving between points C and D 
Time 4 Frame 3 object moving between points C and D -- 

missing motion 

In contrast, the CODEC 238 of the present embodiment, 
breaks from traditional wavelet architectures by wavelet-fil 
tering two or more adjacent frames to achieve temporal com 
pression (exploiting the image redundancy between frames). 
Referring to FIG. 7, two adjacent video frames 700, 702 are 
filtered to produce an average frame 800 shown in FIG. 8 that 
contains all the motion of the two source frames 700, 702. 
Also shown in FIG. 8 is a temporal high pass frame 802. 
which also results from the filtering of source frames 700, 
702. This temporal high pass frame 802 may then be entropy 
encoded to compress the temporal high pass data. Alterna 
tively, the temporal high pass frame 802 may be spatially 
compressed by applying one or more wavelet transforms 
before entropy encoding to help achieve greater compression. 

In accordance with the temporal compression of the 
present embodiment, the following sequence of frames illus 
trates that the average frame is not missing any motion infor 
mation: 

Time 1 Frame 1 + 2 object moving between points A and B and C 
Time 2 Frame 1 + 2 object moving between points A and B and C 
Time 3 Frame 3 + 4 object moving between points C and D and E 
Time 4 Frame 3 + 4 object moving between points C and D and E 

By decoding only to the average frame, half the frame rate 
can be presented without the Stuttering appearance that 
results from skipping every other frame. The appearance to 
the user is the same as longer shutter time (exposure) during 
the video camera's acquisition of the image. This technique is 
particularly useful for processing 720p HD content which 
commonly has 60 frames per second because the 30 frame per 
second preview is nearly indistinguishable from the full 
frame rate. Prior techniques for motion compression (e.g., 
motion estimation) cannot generate an average motion frame 
without Substantially increasing processing requirements. 
As described further herein, temporal compression of four 

adjacent frames may be undertaken to generate data compo 
nents that are decodable to produce a one quarter frame rate 
representation of the content of the source video, while main 
taining all of the motion information. 

It should be recognized that the temporal compression 
techniques of the present embodiment are unlike the motion 
estimation processes contemplated by the MPEG standards, 
which require non-symmetric CODECS and significant pro 
cessing resources. Specifically, many of the exemplary 
encoding techniques of the present invention allow video to 
be encoded at a much faster rate than MPEG standards 
because the wavelet temporal compression described herein 
is substantially less CPU intensive than the motion searching 
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14 
techniques involved with MPEG motion estimation. Addi 
tionally, the encoding rate of these exemplary encoding tech 
niques of the present invention are more predictable than 
MPEG motion estimation encoding (which is proportional to 
the amount of motion in the source video) because the wavelet 
motion encoding time is Substantially the same regardless of 
the amount of motion in the Source video. As a consequence, 
many of the encoding techniques of the present invention 
allow encoding to be carried out in real time upon capture 
(e.g., within hand held consumer devices such as Video cam 
eras). 

In accordance with the inventive encoding method 
described further herein, data components corresponding to 
the interim low-pass resolutions 502, 602 and frame rates 800 
and data components corresponding to the high-pass Sub 
band images 504,506, 508,604,606, 608,802 are generated 
and stored so as to be selectively retrievable. For example, the 
data components corresponding to any of the interim resolu 
tions 502, 602 and frame rates 800 are retrievable without 
having to decode data components corresponding to the high 
pass images 504,506, 508. In the exemplary embodiment, a 
high-definition frame of 1920x1080 pixels can be decoded to 
960x540 pixels, as if that was its original resolution, at maxi 
mum efficiency, without any additional CPU overhead. All 
the data needed to completely reconstruct the Smaller image 
is available, so no artifacts are introduced. Decoding 960x540 
pixels takes as little as one quarter of the CPU load versus 
decoding the full 1920x1080 pixels. It should be recognized, 
however, that image redundancy that all compression tech 
niques exploit is greater at higher resolutions than at lower 
resolutions (i.e., average color regions are more common than 
sharp edges). As a consequence, the actual amount of CPU 
load reduction achieved in practice will vary. 
The techniques of spatial and temporal resolution scaling 

discussed above can be extended to encode a source video 
stream in a manner that is dependent upon one or more of the 
following factors: the resolution of the source video stream, 
the frame rate of the source video stream, constraints of 
available system resources, user preferences, or the desired 
dynamic control of the editing or presentation applications 
used to process the encoded video stream. Specifically, in 
accordance with several embodiments of the present inven 
tion, the type of compression (e.g., horizontal, Vertical and/or 
temporal) and the order in which the different types of com 
pression are carried out are tailored as a function of the factors 
set forth above to generate storable data components that are 
decodable to several resolutions that are appropriate for a 
range of potential operating environments (e.g., system 
resources, and types of previews). In other words, encoding 
may be tailored such that the resulting data components are 
suited to the one or more of the above-identified factors. 
Encoding in this manor allows decisions about what the final 
presentation resolution will be to be delayed until the data 
components are decoded. Additionally, these decisions may 
be made on a on a frame-by-frame basis while decoding. 

In the context of video editing, for example, most editing 
operations rarely need all the pixels presented to provide a 
user with a practical (i.e., Sufficient quality) preview of the 
Video undergoing the editing. Examples of these operations 
include scene selection, color correction, timeline playback, 
transition timing, clip length trimming, etc. Various high 
resolution video formats such 720p, 1080i, cinema 2 k and 4 
k, all have different final output resolutions, yet the user 
typically has a workspace preview window that is the same 
size for all input formats. A preview window within the user's 
workspace typically will use only about one third of the 
desktop resolution. By taking this likely preview resolution 
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into account, the encoding process can be altered to achieve 
very high quality decodes that are optimized (e.g., for speed 
and image quality) to target the preview resolution. The fol 
lowing table provides information about common video for 
mats along with potentially viable reduced resolutions and/or 
frame rates for previewing edit results. 

Suitable 
Input Source Source Suitable preview preview 
format resolution frame rate resolution frame rate 

HD 720p 1280x720 60 640 x 360 60 and 
30 and 15 

HD 1080i 1920 x 108O 30 480 x 270 and 30 and 15 
960 x 540 

Cinema 2k 2048 x 1556 24 512 x 389 and 24 and 12 
1024 x 778 

Cinema 4k 4096 x 3.112 24 512 x 389 and 24 and 12 
1024 x 778 or 
2048 x 1556 

Although particular video resolutions are presented as 
being “suitable, it should be recognized that the suitability of 
a resolution depends on the application of the video. For 
editing, Some users may find a resolution (e.g., the 480x270 
or 512x389 resolutions) too low for their purposes, but a 
higher resolution (e.g., 960x540 or 1024x778) is likely suf 
ficient resolution for 99% of most user applications. For other 
Video playback tasks such as network video retrieval and 
scene selection, however, lower resolution previews (e.g., the 
480x270 or 512x389 resolutions) will provide sufficient 
image quality. 

In addition, the suitability of frame rates for a particular 
application depends on the video system. For editing systems, 
frame rates below 24 may be unsuitable because the motion is 
not smooth enough, but lower frames rates such as 12 or 15 
fps (commonly used for web distribution) are likely suitable 
for browsing systems and scene selection. 

It should also be recognized that the halved decoding reso 
lutions in the preceding table are exemplary only, and that 
other resolutions including. "/4" or %" resolutions may be 
encoded for Subsequent decoding. Moreover, the encoded 
resolutions need not be symmetric with respect to the hori 
Zontal and vertical resolution reductions. For example, a 
simple alteration to encoding and decoding stages described 
further herein would allow for non-symmetric previews such 
as 480x540 from 1080i or 1024x389 from Cinema 2 k. These 
output resolutions allow for more Subtle controls over image 
fidelity without the trade-off of performance loss that is 
incurred when decoding fully to the next available higher 
resolution. 

Referring to FIGS. 9A,9B and 9C shown are three exem 
plary embodiments of an inventive video frame storage struc 
ture. As shown, each of the exemplary video frame storage 
structures includes a collection of data components, which 
are selectively decodable to generate desired video resolu 
tions and/or frame rates. It should be recognized that the data 
components represented in FIGS. 9A through 9C are com 
posed of color components (e.g., R.G.B or Y.U.V) that may 
interleaved or juxtaposed within each data component as 
discussed further herein. It should be recognized that the 
exemplary video frame storage structures of FIGS. 9A, 9B 
and 9C are just three of particular examples of the types of 
data components that may be generated by modulating the 
type and order of wavelet compression carried out during 
encoding to Suit the type of Source video. 

Referring first to FIG. 9A, shown is a collection of data 
components 716 arranged in an exemplary video frame Stor 
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16 
age structure that is the result of two frames of video data (i.e., 
a two-frame GOP) being encoded using both spatial and 
temporal compression techniques. The collection of data 
components 716 in this embodiment comprises sufficient 
data to completely reconstruct the two frames of video con 
tent to their original resolution as well as selectively decod 
able data components 700,702,704,706,708, 710 to produce 
frames with lower resolutions and frame rates. The quantity 
of the data components and the content of each of the data 
components in the exemplary data structure are particularly 
Suited to presenting lower resolution video streams of an 
original 1280x720 source video stream at 60 fps, but the 
present data structure is certainly not limited to data compo 
nents derived from any single resolution. 
As shown, the collection of data components 716 includes 

a lowest resolution data component 700, which in the present 
embodiment is /8 the size of the original resolution. ASSum 
ing the source video stream is an HD 720p video stream (i.e., 
1280x720), the lowest resolution data component 700 is 
selectively decodable to produce an image of 160x90 pixels, 
which is particularly Suited for displaying a single thumbnail 
image of the two-frame GOP. 

Also shown are compressed high frequency data compo 
nents 702, 704, which in combination with the lowest reso 
lution data component 700, include data 712 that is selec 
tively decodable to provide a frame at half resolution and at 
half the frame rate with natural motion blur (i.e., 640x360 (a) 
30 fps based on an original HD 720p video stream). 
When data component 706 is decoded along with data 

components 700, 702 and 704, sufficient data 714 is available 
to reconstruct the two original frames at half resolution (i.e., 
640x360 (a 60 fps based on an original HD 720p video 
stream). As discussed, when the collection of data compo 
nents 716 is decoded, the two originally encoded frames may 
be reconstructed to full resolution. 

Referring next to FIG.9B, shown is another collection of 
data components 738 arranged in another exemplary video 
frame storage structure that is the result of a two-frame GOP 
being encoded using both spatial and temporal compression 
techniques. As with the data components 716 of FIG.9A, the 
collection of data components 738 in this embodiment 
includes data to completely reconstruct the two frames of 
video content to their original resolution as well as selectively 
decodable data components 720,722,724,725,726,728,730 
to produce frames with lower resolutions and framerates. The 
quantity of the data components and the content of each of the 
data components in the present data structure is particularly 
Suited to presenting lower resolution video streams of an 
original HD 1080i data stream with a resolution of 1920x 
1080 pixels at 30fps, but other full resolution streams may be 
encoded in this manner as well. 
As shown, the collection of data components 738 includes 

a lowest resolution data component 720, which in the present 
embodiment is /8 the size of the original resolution. ASSum 
ing the source video stream is an HD 1080ivideo stream (i.e., 
1920x1080 pixels), the lowest resolution data component 720 
is selectively decodable to produce an image of 240x135 
pixels, which is particularly Suited for displaying a single 
thumbnail image of the source two-frame GOP. 

Also shown is a compressed high frequency data compo 
nent 722 which in combination with the lowest resolution 
data component 720, includes data 732 that is selectively 
decodable to provide a frame at a quarter the resolution of the 
original source frames and half the frame rate with natural 
motion blur (e.g., 480x270 (a 15fps based on an original HD 
1080i video stream). 
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When data component 724 is decoded along with data 
components 722 and 720, sufficient data 734 is available to 
reconstruct the two original frames at a quarter of the resolu 
tion of the original frames (e.g., 480x270 (a 30fps based on 
an original HD 1080i video stream). 
As shown, when data components 726 and 725 are selected 

and decoded along with data components 724, 722 and 720, 
sufficient data 736 is available to reconstruct the original two 
frames at half the resolution of the original source frames 
(e.g., 960x540 (a 30fps based on an original HD 1080i video 
stream). 

Referring next to FIG. 9C, shown is yet another collection 
of data components 758 arranged in yet another exemplary 
Video frame storage structure that is the result of a single 
frame of video data being encoded using spatial compression 
techniques. In the data structure of the present embodiment, 
the collection of data components 758 includes data to com 
pletely reconstruct the original source frame to its original 
resolution as well as selectively decodable data components 
740, 742, 744, 746, 748 to produce frames with lower reso 
lutions. The quantity of the data components and the content 
of each of the data components in the present data structure is 
particularly Suited to presenting lower resolution video 
streams of an original Cinema 4 k data stream with a resolu 
tion of 4096x3112 pixels at 24 fps, but the present data 
structure is certainly not limited to data components derived 
from any single resolution. 
As shown, the collection of data components 758 includes 

a lowest resolution data component 740, which in the present 
embodiment is /16 the size of the original frame. Assuming 
the source video stream is a Cinema 4k video stream (i.e., 
4096x3112), the lowest resolution data component 740 is 
selectively decodable to produce an image of 256x194 pixels, 
which is particularly Suited for displaying a thumbnail image 
of the source frame. 

Also shown is a compressed high frequency data compo 
nent 742 which in combination with the lowest resolution 
data component 740, includes data 752 that is selectively 
decodable to provide a frame at an eighth of the resolution of 
the original source frame (e.g., 512x389 (a 24fps based on an 
original Cinema 4k video stream). 
When data component 744 is decoded along with data 

components 742 and 740, sufficient data 754 is available to 
reconstruct the original frames at a quarter of the resolution of 
the original frame (e.g., 1024x778 (a 24 fps based on an 
original Cinema 4k video stream). 
As shown, when data component 746 is selected and 

decoded along with data components 744, 742 and 740, suf 
ficient data is available to reconstruct the original frame at 
half the resolution of the original source frames (e.g., 2048x 
1556 (a) 24 fps based on an original Cinema 4k video stream). 
When data component 748 is selected and decoded in addi 
tion to the other data components 746, 744, 742, 740 it is 
possible to reconstruct the original frame at the original reso 
lution. 

In the exemplary embodiments of FIGS. 9A-9C the full 
size of the compressed data 716, 738, 758 contains no more 
information than that needed to store a compressed represen 
tation of the full resolution, and all other image sizes and 
frames rates can be reconstructed during the decoding pro 
cess. When image data is structured according to the exem 
plary embodiments of FIGS.9A-9C, the minimum number of 
data components that need to be located in memory and 
decoded to produce a desired resolution is readily known. As 
a consequence, these data structures maximize decoding effi 
ciency because only the data needed for the target resolution 
is read or decoded. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
It should be recognized that the inventive data component 

file structure described herein is very different than “proxy 
files' which are used in other systems. Proxy files are typi 
cally reduced resolution versions of a video that are stored 
elsewhere from the full resolution version (e.g., on tape or in 
another file format). Although the proxy file technique 
enables fast previews, the proxy files that are previewed are 
typically a very low single resolution. In addition, the proxy 
file data is redundant to the full resolution data (i.e., the full 
resolution data does not include the proxy file). As a conse 
quence, if the proxy file is anything but a very low resolution 
file, a lot of space must be allocated to store both the proxy file 
and the full resolution file. 

Moreover, the proxy file typically is used in place of the full 
resolution file (i.e., both the proxy file and the full resolution 
file are typically not both readily available to the user/editor). 
As a consequence, operations such as color correction that 
must be applied to the full resolution cannot be easily carried 
out. Specifically, the workflow for proxy files is commonly 
referred to as “off-line editing.” because the edit decision lists 
(EDLs) of cuts and dissolves are first made on the proxy, then 
the full resolution is captured (e.g., from tape) or brought into 
another system for on-lining. 

In contrast, the data component structures according to the 
present invention contemplate storing not only a low-resolu 
tion thumbnail-type image but other intermediate resolutions 
and the full resolution image as well. Additionally, each of 
these resolutions are selectively decodable, which provides a 
significant amount of flexibility to the user/editor. Impor 
tantly, the data components that provide the various decod 
able resolutions are not redundant to one another. In addition, 
full resolution data in these embodiments, is on-line (i.e., the 
full resolution data available for editing). This simplifies the 
user's workflow because common operations that can’t be 
described in the EDL, (e.g., color correction or layering video 
upon video for complex compositing) may be carried out 
without rendering. In other systems complex compositing 
typically requires rendering (the creation of a “flatten file so 
that the results can be played). Rendering requires the source 
material (full-resolution) because some edits use the rendered 
results in other operations, and the rendered file becomes a 
new source, which has to be in full resolution. 
Wavelet-Based Encoding for Selective Decoding 

Referring next to FIG. 10, shown is a flow diagram depict 
ing functional components of the CODEC 238 of FIG. 2 and 
one particular combination of steps it carries out when encod 
ing a video stream color component by color component 
according to an exemplary embodiment of the present inven 
tion. Initially, a frame from a source video stream is received 
by the CODEC 238 (Step 1000), and if the resolution of the 
received frame is greater than the Smallest target preview 
resolution (Step 1001), the frame is then sent to a spatial 
compressor 1020 for spatial compression (Step 1002). This 
target preview resolution may be requested by the end user or 
may be a default setting within a controlling application (e.g., 
the video editing program 232). 
The frame sent to the spatial compressor 1020 is then 

vertically reduced and/or horizontally reduced depending 
upon the target resolution. As shown, if the image is vertically 
reduced (Step 1022), it is then determined if the frame, is 
interlaced (e.g., according to the 1080i standard) or is pro 
gressive (e.g., according to 720p and Cinema 2/4k standards) 
(Step 1023). 

If the frame is from a progressive stream, a progressive 
vertical wavelet filter is applied (e.g. 2/6 or 5/3 wavelet)(Step 
1024). If the frame is interlaced, a wavelet filter optimized for 
interlaced video is applied (e.g. HAAR 2/2 wavelet) (Step 
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1025). It should be recognized that only the first spatial trans 
form is interlaced during encoding because the low-pass out 
put 1031 will always result in a progressive image. If the 
frame is to undergo horizontal reduction (Step 1026), a hori 
Zontal wavelet filter is applied (Step 1027). After vertical 
and/or horizontal filtering a low-pass image that is reduced 
(e.g., halved) in resolution (e.g., horizontally and/or verti 
cally) is output (Step 1031). The low-pass image, however, 
maintains a very high image quality because the wavelet filter 
produces an anti-aliased average of the original high-resolu 
tion image. It should be recognized that applying only one of 
either a vertical or horizontal reduction enables different non 
symmetric preview modes such as 480x540 or 960x270 pixel 
presentations. 

Also as a result of the wavelet filtering, three high-pass 
components are quantized and entropy encoded (Step 1028) 
and buffered to become part of the final encoded bit-stream 
1009. When both horizontal and vertical filters are used, it 
doesn’t matter whether horizontal or vertical transforms are 
performed first because the same output results. As shown, 
the spatial compression is repeated (Steps 1001,1002) until 
the resolution if the low-pass image that is output (Step 1031) 
reaches the size of the target preview resolution. 

If lossless encoding (Step 1029) is applied, any data that 
would be lost due to quantizing, or mathematical errors such 
as rounding and overflows, is encoded (Step 1030) and stored 
as a new data component as part of the output stream (Step 
1009) to allow for perfect reconstruction. The lossless encod 
ing stage could be optionally performed before quantization 
(Step 1028). One technique includes preserving all the least 
significant bits that are lost via quantization as a new data 
component. This technique works well for encoding data with 
increased precision such as 10 bit or 12 bit input data, which 
is more likely to overflow 16-bit math that is used for greater 
performance (as compared to 32-bit math). Yet another loss 
less technique includes skipping the quantization and only 
performing entropy encoding (Step 1028). Using either tech 
nique, any errors are stored (Step 1030) as a new data com 
ponent to be use in the decoder for optional perfect recon 
struction. 

If the temporal resolution is to be reduced (e.g., to provide 
a frame suitable for previewing, or to simply reduce the bit 
rate of a resultant stream) (Step 1003), then temporal com 
pression is applied to two or more frames of the Source stream 
(Step 1004). As previously discussed, temporal compression 
combines multiple frames into average frames (low-pass)and 
difference frames (high-pass), so the CODEC 238 must first 
check to see if enough frames have been buffered (Step 1042). 
If too few frames have been buffered, the current frame is 
stored (Step 1048), and the temporal compression process is 
stopped (Step 1049) until another frame is available. In the 
case where the temporal compression is reduced more than 
once, frames are buffered so that multiple (e.g., four or more) 
frames are averaged into one. 

If enough frames have been received to carry out temporal 
compression, a temporal wavelet filter is applied to produce a 
high-pass (motion difference) and a low-pass (average) 
image (Step 1043). The low-pass image is then sent (Step 
1051) to the next processing stage for further temporal com 
pression (Steps 1003,1004,1005) or more spatial compres 
sion (Steps 1006,1007) if necessary. The additional spatial 
compression allows for greater bit-rate reduction of the 
resulting compressed video data, yet it also simplifies the 
generation of a thumbnail size image that is commonly used 
in scene selection tools, and marks a timeline with pictures of 
the in and out frames. It should be recognized that this thumb 
nail is part of the final compressed stream and is not an added 
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image component like those used in the headers of JPEG files 
made by digital cameras. The low-pass (e.g., thumbnail-size) 
image 1008 and all the high-pass components are output 1009 
to complete the compression of the video group of pictures 
(GOP). 

Applying the present steps to a video frame with 720p 
resolution, the resulting data components are decodable to 
preview modes of 640x360 at 60.30 and 15 frames per second 
(fps). By performing the temporal stage first, a preview reso 
lution of 1280x720 at 30 fps would be available. Similarly, 
when the current steps are applied to a Cinema 4k compliant 
stream, data components are generated that are selectively 
decodable to provide preview modes of 2048x1556 at 24 fps: 
1024x778 at 24 fps; and 512x389 at 24 and 12 fps. 

It should be recognized that the temporal 1004 and spatial 
compression stages 1002, 1007 can be reversed in order, or 
mixed so that after a spatial compression stage (carrying out 
Vertical and/or horizontal compression), a temporal compres 
sion stage is invoked, which is then followed by another 
spatial compression stage. In this way, the variety of available 
decodable resolutions is increased. For example, by perform 
ing the temporal compression step 1004 to occur earlier in the 
image reduction stages (e.g., before one or more of the spatial 
compression steps 1002), data components may be generated 
that allow preview resolutions with frame rates of 2048x1556 
at 24 fps: 1024x778 at 24 or 12 fps and 512x389 at 12 fps. 
Moreover, different combinations of spatial compression 
may be used to generate data components for different reso 
lutions. For example, a frame may be horizontally com 
pressed twice before carrying out vertical compression. 

Referring next to FIG. 11, shown is a flow diagram depict 
ing steps carried out during temporal compression of four 
frames of Source video into one motion average frame. As 
shown in FIG. 11, a first frame 1101 and a second frame 1102 
are compressed (Step 1105) to generate a first average frame 
1107 and a first motion difference frame 1108. The first 
average frame 1107 is computed as discussed with reference 
to FIGS. 7 and 8 (by summing pixels from each source frame) 
so that the result looks like natural motion blur (e.g., average 
frame 800). The motion difference frame 1108 contains all 
the information necessary to convert the first average frame 
1107 back into the two separate source frames 1101, 1102. 

If more temporal compression is requested (for Smaller 
data files or more preview options) the same process per 
formed on the first and second frames 1101, 1102 is repeated 
for the third and fourth frames 1103, 1104. The resulting 
second average frame 1109 (of the third and fourth frames) is 
then temporally compressed with the first average frame 1107 
(of the first and second frames 1101, 1102) to generate a final 
motion average frame 1112. The final motion average frame 
1112 contains all the motion blur from the first frame 1101 to 
the last frame 1104. This technique can be applied to more 
than four source frames by repeating the methodology 
described with reference to FIG. 11, however, compression 
advantages will diminish with larger GOP lengths. This style 
of temporal compression is typically selected for its coding 
speed and preview characteristics rather than its compression 
S17C. 

Although the spatial and temporal compression described 
with reference to FIGS. 10 and 11 may be carried out on a 
video stream in any color format, YUV format is often pre 
ferred over RGB format because it may be compressed more 
without affecting image quality. Specifically, YUV format 
better matches the human visual system, which is more sen 
sitive to brightness (Y) than color information (U andV). As 
a consequence, more compression can be applied to the U and 
V components without greatly affecting image quality. 
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Referring next to FIG. 12, shown is a flow diagram depict 
ing steps carried out to convert from red, green, blue (RGB) 
format to a compressed YUV format prior to the spatial and/or 
temporal compression described with reference to FIG. 10. 
As shown in FIG. 12, red, green and blue components 

1202, 1204, 1206 are converted to YUV components 1210, 
1212, 1214 according to well-known techniques (Step 1208). 
The U and V chroma components are then Sub-sampled (e.g., 
according to 4:2:2, Sub-sampling) as is known in the art to 
generate reduced resolution U and V color components 1220, 
1222 (e.g., half width U and V components)(Steps 1216, 
1218). Other color sub-sampling techniques could also be 
applied, such as 4:2:0 and 4:1:1, or no color Sub-sampling 
using 4:4:4. The full size Y component 1210 and the reduced 
resolution U and V color components 1220, 1222 are then 
spatially and/or temporally compressed as individual compo 
nent images as described with reference to FIGS. 10 and 11 
(Steps 1224, 1226, 1228) to generate a compressed video 
Stream. 

Although FIG. 12 depicts processing on YUV components 
after RGB source data is converted to YUV components, the 
spatial and temporal compression techniques described 
herein can be applied for any type of color system, by either 
natively encoding the data in its input format (storing RGB as 
compressed RGB), or converting to another colorspace. 
The data components that result from the encoding stage 

may be placed within a file in any order. In one possible 
structure, the file contains all the high pass information first, 
followed by the lower resolution data components; this is the 
order that naturally flows from the encoding steps which 
reduce the frame from full size down to a thumbnail size. 
During decoding, however, the decoder first accesses the data 
component that includes data for the lowest resolution image 
and then reconstructs the image by adding data components 
in order of increasing size. As a consequence, in another 
structure, the data components are organized to help optimize 
the decoding process. Specifically, the data component that 
generates a thumbnail image is positioned in the file so it is 
accessed first during decoding, and then the higher resolution 
data components are positioned after the thumbnail datacom 
ponent so that the data components are positioned (and 
accessed during decoding) from lowest resolution to the high 
est resolution. It should be recognized, however, that the 
ordering of the data components and their physical locations 
may vary without departing from the Scope of the invention. 

In addition to data components for increasing image size, 
there are data components for each of the color channels (i.e. 
YUV or RGB, etc). Referring next to FIGS. 13 A-D for 
example, shown are color components within various video 
frame storage configurations according to exemplary 
embodiments of the present invention. Referring first to FIG. 
13A, shown is a storage configuration in which the encoded 
data components are organized according to color compo 
nents. As shown, the compressed data components in the 
present embodiment are organized into a compressed luma 
component 1302, a compressed U chroma component 1304 
and a compressed V chroma component 1306. Also shown is 
a GOP header 1308 which contains information including the 
size of the image data being compressed (e.g., 1280x720 or 
1920x1080 etc.), the type and number of color components 
(RGB, YUV. CMYK, etc.) and pointers to where each color 
component's data starts. The pointers enable the decoder to 
efficiently bypass data not needed to decode to the target 
preview resolution. 

FIG. 13B is a detailed view of the data components of FIG. 
13A showing where data for each of the preview resolutions 
are stored. As shown, each of the compressed color compo 
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nents 1302, 1304, 1306 in this embodiment includes data for 
the various resolutions generated during the encoding pro 
cess. It should be recognized that FIGS. 13 A and 13B are 
only exemplary and that there are many options for ordering 
of the data components for different resolutions and color 
channels. 
When accessing particular data components (e.g., when 

previewing edits at a lower resolution than the original Source 
resolution) it is advantageous to skip the data components that 
are not accessed, and hence, it is advantageous to know during 
decoding where the particular data components that are being 
accessed are within each GOP. As a consequence, in accor 
dance with several embodiments of the present invention, an 
index of pointers, which identifies the locations of data com 
ponents, is stored within the GOP header 1308. In this way, it 
is possible to skip over unneeded data components, and 
potentially not even read them from their location of storage 
(e.g., from a disk). Because the index allows data components 
to be directly fetched no matter where they are stored, the 
ordering of the data component can be simplified. 

In some embodiments, the index also includes pointers to 
data components stored within another file or in multiple files. 
In the structure shown in FIGS. 13A and 13B, where all the 
luma components are stored followed with all the chroma 
components, the index allows the largest data components of 
luma to be bypassed when requesting the first chroma com 
ponent. If the color components were interleaved (not shown) 
in increasing size, however, the index allows only the com 
ponents needed to be fetched from disk in one continuous 
block. Without such an index, it would be difficult if not 
impossible to selectively access and decode particular data 
components regardless of whether the data is structured as 
shown in FIGS. 13A and 13B or interleaved. Instead, all the 
data would need to be read (e.g., from disk) and parsed to find 
the relevant components; thus the index is very useful for 
increasing the decoding performance. 
The index enables data component retrieval for tasks other 

than that of human visual preview. Although fetching and 
decoding a particular Subset of data components may be 
carried out in connection with a fast high quality visual pre 
view for humans as described herein, fetching and decoding 
other Subsets of data components will also result in similar 
performance gains for different applications. Image search 
ing, pattern recognition and biometric analysis, for example, 
can all be performed using fewer data components than would 
be adequate for human preview. These automated image 
analysis techniques may need to only process luma data 
(monochrome images) at lower resolutions for searching 
through large Volumes of video information at the highest 
possible rate. Some techniques may decode only the motion 
difference high-pass sub-bands 802 to accelerate the search 
for a particular movement with a video sequence. Advanced 
object recognition may fetch and decode only a few of the 
high-pass sub-bands (e.g., 504,508, 604, 606, etc.) as these 
contain data very Suitable for edge detection algorithms. In 
short, many embodiments of the present invention (e.g., those 
that incorporate an index to the data components) provide an 
enormous amount of flexibility for humans or machines to 
decode in ways which may not, or cannot, be known when 
encoding the Source data. 

Referring next to FIG. 13C, shown is another embodiment 
of the inventive video data storage configuration illustrating 
the severability of the data components for selective decod 
ing. As shown, data components which are decodable to 
provide a half resolution frame 1320 are separated from the 
other full resolution data components 1330 that are necessary 
to reconstruct a full resolution frame. The full resolution data 
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components 1330 can be completely bypassed for a half 
resolution preview decode. When stored on a disk device the 
full resolution data components 1330 can be simply skipped 
using a disk seek or similar technique. 
FIG.13D shows an exemplarily embodiment of the inven 

tive selectively decodable data structure which is efficient for 
decoding from disk storage media (e.g., magnetic or optical 
storage media), and hence, is efficient for previewing and 
editing. In the exemplary embodiment, preview data compo 
nents 1340 and full definition data components 1360 are 
stored into separate outputs or files. The separate files can 
easily be stored on different disks or even on separate sys 
tems. Playback of the preview data can then be performed 
without the storage device (e.g., disk drive) having to search 
for the data, resulting in even higher performance by reducing 
the disk demands. It should be recognized that it is possible to 
break the data components up into even Smaller segments so 
that there are separate files for each of the various preview 
resolutions. For example, files of a thumbnail resolution may 
be stored separately from higher resolution data components 
to provide a high degree of browsing and search performance. 

It should be recognized that the Sub-image data compo 
nents are by no means limited to the exemplary structures 
described shown in FIGS. 13 A-13D. For example, another 
viable structure for encoding and decoding includes color 
components that are interleaved so that all the color data for 
each preview resolution is adjacent. In Such a structure, upon 
decoding all lowest resolution color data components (e.g., 
R,G,B thumbnails) are passed in the bit-stream before data 
components of the next higher preview resolution are added 

In the case of network delivery of the compressed video 
data, only components required for the requested preview 
resolution need to be transmitted greatly reducing network 
loads. For example, if a remote user desires to preview a 
selection of video content, lower resolution data components 
may be sent to the user for the user to preview. It should be 
recognized that this network delivery technique is very dif 
ferent from bit plane progression techniques such as progres 
sive JPEGs, which transmits compressed coefficients with 
increasing significance (i.e., more or most significant bits or 
components first). The image resulting from bit plane pro 
gression is the same resolution as the final target resolution 
(not lower), and is only an approximation of a blurry version 
of the image. Moreover, bit plane compression is not intended 
to reduce computation load (the full transforms are applied to 
the partial data). 

The progressive nature of existing techniques, whether 
based on a bit-plane progressive or Zero tree wavelet meth 
odology (which is similar to bit-plane progressive techniques 
in the way that the methodology determines significance of 
bits to transmit), are designed to manipulate video bandwidth 
at the transmitter end for sending video or picture over a 
variable bandwidth limited network (e.g., a wireless and cel 
lular video applications). None of these systems are designed 
to enhance processing performance, and typically these other 
systems increase decoder complexity, and as a consequence, 
are unsuited for video retrieval, browsing and editing appli 
cations. In addition, these systems are typically block-based 
systems, which divide the full image into Smaller regions for 
individual compression. Block-based systems are poorly 
Suited for decoding into many resolutions because each block 
must contain all the data for decoding to the full resolution, 
making it difficult, if not impossible, to bypass unneeded data 
because all blocks are required to generate a preview. More 
over, indexing would likely be unwieldy to implement 
because each block would have to be indexed, and there are 
often thousands of blocks per frame. 
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Referring next to FIG. 14, shown is a flowchart illustrating 

exemplary steps carried out in accordance with the inventive 
selective decoding process. As shown, a compressed group or 
pictures (GOP) is input to a decompressor (e.g., the CODEC 
238)(Step 1402). Initially a lowest resolution (sub-band) data 
component (e.g., thumbnail resolution data component) 
within the compressed GOP stream for a first color compo 
nent is decoded (Step 1404). It should be noted that the Y 
component of a frame encoded in the YUV color space may 
be decoded alone to present a grey Scale thumbnail represen 
tation of the image, which could be used for black and white 
thumbnail previews. 

If the lowest resolution (e.g., thumbnail size) data compo 
nent is all that is required to decode to provide a desired level 
of resolution (Step 1406), all further decoding of the current 
color component is bypassed 1416. The lower resolution data 
component for the first decoded color is then reformatted (if 
necessary) and buffered. The reformatting typically includes 
Scaling the 16 bit (or similar) data to match the target output 
format such as 8 to 10 bits per color component so that is it 
suitable for display. If there are more color components (Step 
1418), the remaining color components of the lowest resolu 
tion data component are retrieved (Step 1422), decoded (Step 
1404), and assembled for output as a decoded frame (Step 
1420). If there are more frames in the GOP (Step 1424), those 
are decoded from the bit-stream, but if there are no more 
frames, the GOP's decoding is complete (Step 1426). 
The process for producing images at other preview sizes is 

similar to extracting a thumbnail. As shown in FIG. 14, after 
the lowest resolution data component (e.g., thumbnail reso 
lution) is decoded (Step 1404), and more image resolution is 
desired/required (Step 1406), the next higher resolution data 
component within the bit stream of the GOP is tested to 
determine whether it is a spatially (Step 1408) or temporally 
(Step 1412) encoded. In either case, the data is decoded as 
appropriate by either spatial decompression (Step 1410), or 
temporal decompression (Step 1414). If the resulting higher 
resolution image (i.e., higher resolution spatially or tempo 
rally) does not match the required/desired resolution (Step 
1406), Steps 1408, 1410, 1412, and 1414 are repeated until 
the preview size is reached or the full image is completely 
decoded. The resulting image is reformatted and buffered 
(Step 1416) until all the color components have been decoded 
(Step 1418). Once all the color components of the required/ 
desired resolution are decoded, they are formed into an output 
frame (Step 1420). If additional compressed frames remain 
from the GOP (Step 1424), they are decoded in the same 
manner to complete the process (Step 1426). For improved 
performance in the implementation, the last wavelet Sub 
bands for each color component are decoded together so that 
the resulting image can be interleaved into common outputs 
(e.g., RGBRGB, YUYVYUYV, etc.). 

Presently available editing systems typically do not handle 
dynamic frame size changes. In an exemplary embodiment, to 
accommodate these editing systems, an additional image 
Scaling step is carried out after decoding the image. Even 
when scaling is performed, CPU load is substantially reduced 
because the additional scaling step adds only a minor amount 
of additional processing compared to the processing 
decreased by selectively decoding to a lower resolution. As a 
consequence, an overall reduction in load is achieved while 
providing a smooth playback. 

Altering the temporal resolution of the preview can also 
achieve the same result. A system then normally previews at 
60 frames per second (e.g., 1280x720 at 60 fps running at 
640x360 (a 60 fps) could dynamically reduce the CPU load 
further (as needed) by decoding to a lower frame rate (e.g., 
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640x360 pixels at 30 frames per second). A loaded CPU that 
can only decode and mix at 45 frames per second would 
stutter if it tried to decode at 60 fps (e.g., one or more frames 
would be skipped) resulting in a poor playback quality. Selec 
tively decoding to a lower frame rate allows a system to 
significantly reduce (e.g., halve) its CPU load by decoding to 
a frame rate (e.g., 30 frames per second) that is below the 45 
fps system maximum. Because temporally reduced previews 
include motion blur that is derived from each of the original 
frames, preview quality is substantially better than that of 
systems that simply drop one or more frames, which produces 
an unnatural and undesired strobing appearance. 
By selectively decoding data components to a desired reso 

lution according to the present invention, both frame-rate 
reduction and resolution reduction can be exploited simulta 
neously for up to a six times decrease in CPU load (for 
decoding), and an eight times decrease in processing load for 
downstream effects (i.e., the system load is reduced by only 
processing one eighth of the total pixels). In some embodi 
ments, the choice of frame-rate reduction and/or resolution 
reduction can be made at any time during the editing process. 
In an exemplary embodiment, the editing mode can be 
selected manually through an option presented within the 
video editing applications user interface 100, or automati 
cally by the video editing or processing application based 
upon a variety of runtime factors. For example, the automatic 
selection of the selected reduced-resolution video stream may 
be pre-selected within the video editing or processing appli 
cation or calculated based on various runtime factors includ 
ing the editing or other operations selected by the user/editor, 
the CPU resources, video image quality, video processing 
workload, video data capacity, the perception abilities of the 
user, the bandwidth of a transmission channel (e.g., within the 
network 120) or other factors. As previously discussed, the 
resolution of the data decoded may be varied dynamically 
depending upon these runtime factors. Decoded resolution 
could vary frame by frame as needed. In this way, the user/ 
editor is beneficially provided a higher resolution when their 
system is not heavily loaded and a lower resolution when the 
video quality would otherwise breakdown. 

In the context of video editing, the performance increase 
will be directly experienced through a greater number of 
effects and mixes that can be performed in real-time. In some 
cases where very high resolution content is used, these tech 
niques will result in a real-time editing experience, on a 
standard computer system, whereas real-time editing (or even 
single stream playback) would be otherwise impossible. 
The foregoing description, for purposes of explanation, 

used specific nomenclature to provide a thorough understand 
ing of the invention. However, it will be apparent to one 
skilled in the art that the specific details are not required in 
order to practice the invention. In other instances, well-known 
circuits and devices are shown in block diagram form in order 
to avoid unnecessary distraction from the underlying inven 
tion. Thus, the foregoing descriptions of specific embodi 
ments of the present invention are presented for purposes of 
illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms dis 
closed, obviously many modifications and variations are pos 
sible in view of the above teachings. 

For example, the CODEC 238 described with reference to 
FIG.3 may be realized by software, hardware or a combina 
tion thereof. Moreover, the CODEC 238 is not limited to 
desktop computing environments. Specifically, the CODEC 
238 or portions thereof (e.g., the encoder or decoder alone) 
may be implemented in a variety of consumer electronics 
devices that process video data. 
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The embodiments were chosen and described in order to 

best explain the principles of the invention and its practical 
applications, to thereby enable others skilled in the art to best 
utilize the invention and various embodiments with various 
modifications as are Suited to the particular use contemplated. 
It is intended that the following Claims and their equivalents 
define the scope of the invention. 
What is claimed is: 
1. A method for processing compressed video data, the 

method comprising: 
storing, in a storage structure, for each of a plurality of 

frames of video, a corresponding plurality of image 
components representative of the frame of video, the 
frame of video comprising a corresponding image at an 
original resolution, the plurality of image components 
including a base image component associated with a 
lowest resolution and one or more additional image 
components associated with resolutions greater than or 
equal to the lowest resolution and less than or equal to 
the original resolution, and the base image component 
comprising the corresponding image at the lowest reso 
lution; 

selecting a first display resolution at which to display a first 
frame of video based on a first processing load of a 
decoder; 

retrieving a first Subset of the image components corre 
sponding to the first frame of video from the storage 
structure selected based on the first display resolution, 
the first Subset of image components including the base 
image component corresponding to the first frame of 
video; 

decoding the retrieved first subset of image components to 
generate a first modified frame of video comprising the 
image corresponding to the first frame of video at the 
first display resolution; 

displaying the first modified frame of video; 
in response to a change in processing load of the decoder to 

a second processing load, selecting a second display 
resolution at which to display a second frame of video 
based on the second processing load; 

retrieving a second Subset of the image components corre 
sponding to the second frame of video from the storage 
structure selected based on the second display resolu 
tion, the second Subset of image components including 
the base image component corresponding to the second 
frame of video; 

decoding the retrieved second Subset of image components 
to generate a second modified frame of video compris 
ing the image corresponding to the second frame of 
video at the second display resolution; and 

displaying the second modified frame of video. 
2. The method of claim 1, wherein retrieving a subset of 

image components comprises retrieving all image compo 
nents from the storage structure which are associated with a 
resolution equal to or less than a selected display resolution. 

3. The method of claim 1, wherein image components 
corresponding to a frame of video are stored in the storage 
structure consecutively based on an increase in the resolu 
tions associated with the image components from the lowest 
resolution to the original resolution. 

4. The method of claim 3, wherein retrieving a subset of 
image components comprises: 

identifying an image component associated with a selected 
display resolution; and 

retrieving image components from the storage structure 
consecutively from a base image component to the iden 
tified image component. 
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5. The method of claim 1, wherein the storage structure 
additionally comprises an image component index storing the 
locations of the image components in the storage structure, 
and wherein retrieving a Subset of image components com 
prises: 5 

identifying one or more image components with associated 
resolutions equal to or less than a selected display reso 
lution; 

identifying the one or more locations of the one or more 
identified image components in the storage structure 
using the using the image component index; and 

retrieving the one or more identified image components 
from the one or more identified locations in the storage 
Structure. 

6. The method of claim 1, wherein a retrieved subset of 
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15 

image components comprises all of the image components 
corresponding to a frame when a selected resolution com 
prises the original resolution of the image corresponding to 
the frame. 2O 

7. The method of claim 1, wherein a retrieved subset of 
image components comprises less than all of the image com 
ponents corresponding to a frame when a selected resolution 
comprises a resolution less than the original resolution of the 
image corresponding to the frame. 25 

8. A system for processing compressed video data, the 
system comprising: 

a memory configured to store, in a storage structure, for 
each of a plurality of frames of video, a corresponding 
plurality of image components representative of the 
frame of video, the frame of video comprising a corre 
sponding image at an original resolution, the plurality of 
image components including a base image component 
associated with a lowest resolution and one or more 
additional image components associated with resolu 
tions greater than or equal to the lowest resolution and 
less than or equal to the original resolution, and the base 
image component comprising the corresponding image 
at the lowest resolution; 

a decoder configured to, for each frame of video, decode a 
retrieved Subset of image components corresponding to 
the frame of video to generate a modified frame of video 
comprising the image corresponding to the frame of 
Video at a display resolution; 

a resolution module configured to: 
Select a display resolution at which to display a first 

frame of video based on a processing load of the 
decoder; and 

in response to a change in processing load of the decoder 
to a second processing load, select a second display 
resolution based on the second processing load; 

a data component module configured to: 
retrieve a first Subset of image components correspond 

ing to the first frame of video from the storage struc 
ture selected based on the first display resolution, the 
first Subset of image components including the base 
image component corresponding to the first frame of 
Video; and 

retrieve a second Subset of image components corre 
sponding to the second frame of video from the stor 
age structure selected based on the second display 
resolution, the second Subset of image components 
including the base image component corresponding 
to the second frame of video; and 

a display configured to display modified frames of video. 65 
9. The system of claim 8, wherein retrieving a subset of 

image components comprises retrieving all image compo 
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nents from the storage structure which are associated with a 
resolution equal to or less than a selected display resolution. 

10. The system of claim 8, wherein image components 
corresponding to a frame of video are stored in the storage 
structure consecutively based on an increase in the resolu 
tions associated with the image components from the lowest 
resolution to the original resolution. 

11. The system of claim 10, wherein retrieving a subset of 
image components comprises: 

identifying an image component associated with a selected 
display resolution; and 

retrieving image components from the storage structure 
consecutively from a base image component to the iden 
tified image component. 

12. The system of claim 8, wherein the storage structure 
additionally comprises an image component index storing the 
locations of the image components in the storage structure, 
and wherein retrieving a Subset of image components com 
prises: 

identifying one or more image components with associated 
resolutions equal to or less than a selected display reso 
lution; 

identifying the one or more locations of the one or more 
identified image components in the storage structure 
using the using the image component index; and 

retrieving the one or more identified image components 
from the one or more identified locations in the storage 
Structure. 

13. The system of claim 8, wherein a retrieved subset of 
image components comprises all of the image components 
corresponding to a frame when a selected resolution com 
prises the original resolution of the image corresponding to 
the frame. 

14. The system of claim 8, wherein a retrieved subset of 
image components comprises less than all of the image com 
ponents corresponding to a frame when a selected resolution 
comprises a resolution less than the original resolution of the 
image corresponding to the frame. 

15. A non-transitory computer-readable storage medium 
storing executable computer program instructions thereon for 
processing compressed video data that, in response to execu 
tion by a computing device, cause the computing device to 
perform operations comprising: 

storing, in a storage structure, for each of a plurality of 
frames of video, a corresponding plurality of image 
components representative of the frame of video, the 
frame of video comprising a corresponding image at an 
original resolution, the plurality of image components 
including a base image component associated with a 
lowest resolution and one or more additional image 
components associated with resolutions greater than or 
equal to the lowest resolution and less than or equal to 
the original resolution, and the base image component 
comprising the corresponding image at the lowest reso 
lution; 

selecting a first display resolution at which to display a first 
frame of video based on a first processing load of a 
decoder; 

retrieving a first Subset of the image components corre 
sponding to the first frame of video from the storage 
structure selected based on the first display resolution, 
the first Subset of image components including the base 
image component corresponding to the first frame of 
video; 
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decoding the retrieved first Subset of image components to 
generate a first modified frame of video comprising the 
image corresponding to the first frame of video at the 
first display resolution; 

displaying the first modified frame of video; 
in response to a change in processing load of the decoder to 

a second processing load, selecting a second display 
resolution at which to display a second frame of video 
based on the second processing load; 

retrieving a second Subset of the image components corre 
sponding to the second frame of video from the storage 
structure selected based on the second display resolu 
tion, the second Subset of image components including 
the base image component corresponding to the second 
frame of video; 

decoding the retrieved second Subset of image components 
to generate a second modified frame of video compris 
ing the image corresponding to the second frame of 
Video at the second display resolution; and 

displaying the second modified frame of video. 
16. The non-transitory computer-readable storage medium 

of claim 15, wherein retrieving a Subset of image components 
comprises retrieving all image components from the storage 
structure which are associated with a resolution equal to or 
less than a selected display resolution. 

17. The non-transitory computer-readable storage medium 
of claim 15, wherein image components corresponding to a 
frame of video are stored in the storage structure consecu 
tively based on an increase in the resolutions associated with 
the image components from the lowest resolution to the origi 
nal resolution. 

18. The non-transitory computer-readable storage medium 
of claim 17, wherein retrieving a subset of image components 
comprises: 
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identifying an image component associated with a selected 

display resolution; and 
retrieving image components from the storage structure 

consecutively from a base image component to the iden 
tified image component. 

19. The non-transitory computer-readable storage medium 
of claim 15, wherein the storage structure additionally com 
prises an image component index storing the locations of the 
image components in the storage structure, and wherein 
retrieving a Subset of image components comprises: 

identifying one or more image components with associated 
resolutions equal to or less than a selected display reso 
lution; 

identifying the one or more locations of the one or more 
identified data components in the storage structure using 
the using the image component index; and 

retrieving the one or more identified image components 
from the one or more identified locations in the storage 
Structure. 

20. The non-transitory computer-readable storage medium 
of claim 15, wherein a retrieved subset of image components 
comprises all of the image components corresponding to a 
frame when a selected resolution comprises the original reso 
lution of the image corresponding to the frame. 

21. The non-transitory computer-readable storage medium 
of claim 15, wherein a retrieved subset of image components 
comprises less than all of the image components correspond 
ing to a frame when a selected resolution comprises a reso 
lution less than the original resolution of the image corre 
sponding to the frame. 

k k k k k 


